INTRODUCTION
Operation of the instrument is based on certain well-known principles concerning the solution of gases in liquids. The first of tiiese principles relates to the condition for equilibrium between the concentration of dissolved gas in solution and the pressure exerted by the gas on the exposed surface of the liquid. At a given temperature, the concentration of dissolved gas will be, at equilibrium, a function of the pressure exerted by that gas on the exposed surface of the liquid. If the pressure of the gas on the exposed surface is made higher than the equilibrium pressure corresponding to the existing concentration of dissolved gas, more gas will go into solution; if the pressure is reduced below the equilibrium value, gas will be evolved from the liquid.
For most gases and liquids at moderate pressures, the relation between the concentration of dissolved gas and the equilibrium pressure is a simple proportionality. This generalization, known as Henry's Lav/,^while not essential to the operation of the instrument described here, permits a simplified description of its behavior and will be assumed in the subsequent discussion. It will likewise be assumed that the perfect gas law applies. Henry's Law states, then, that at equilibrium, the mass of gas dissolved in a given volume of the liquid is proportional to the pressure exerted by that gas on the surface of the liquid. Since the mass of free gas contained in a fixed volume at a given temperature is, by the simple gas law, likewise proportional to the pressure, the solubility of a gas in a liquid may be expressed as a solubility coefficient B defined as the ratio, at equilibrium, of the amounts (i.e., the mass) of gas contained in equal volumes below and above the surface. The ratio (3 for each combination of a gas and a liquid depends upon the temperature. pressure in the gas space will then be ($/3/F)(P-p).
In general, however, the exchange of gas between the sample liquid and the gas space will not be complete so that the actual rate of change of pressure will be given by an equa-
where r has been written for V/Q^jj. The factor r), which will be called the mixing efficiency, has some value between zero and unity. Thus the mixing efficiency rj represents the actually utilized fraction of the capacity of the flowing sample for carrying dissolved gas into or out from the chamber. Its value depends upon the area of exposure, the intimacy of mixing, and the degree of agitation as well as upon the molecular diffusivity in both the gaseous and liquid phases.
It is instructive to consider the case in which, at time t = 0, the pressure p in the gas space has some arbitrary value p^a nd the equilibrium pressure P remains constant for subsequent time, .corresponding to some constant concentration of dissolved gas in the inflowing sample. This condition may be recognized as corresponding to a sudden change (at time « = 0) in the concentration of dissolved gas in the inflowing sample after previous establishment of equlibrium. The time function describing the response to such a "step" change in the input is sometimes called the indicial response^and is a useful characterization of the beiBvior of an instrument with respect to fluctuations in the quantity being measured. In the case being considered, the integral of Equation [1] gives the response: p = P^^{P-p^){l-e-'/^) [2] The significance of the indicial response function (1 -e~^^^) is readily apprehended. Equation [2] states that the response of the instrument to a suddenly occuring step [3] Here p is the instantaneous value of the total gas pressure in the gas space, P is the total equilibrium pressure corresponding to the new concentrations of nitrogen and oxygen in the inflow, and |3" and^" are the solubility coefficients for nitrogen and oxygen respectively.
For simplicity, the mixing efficiencies for the two gases are assumed to be equal and independent of the various pressures.* Since practically, jSq = -2/3^, the response time t for oxygen may be taken to be one-half that for nitrogen. Consequently, fitting a response function of the prescribed form to experimental data involves the determination of a single parameter only. In the discussion which follows, the observed response will be characterized by giving the response time t^. for nitrogen thus inferred.
It would be incorrect to interpret the preceding discussion as implying that the instrument can give a significant indication only when the equilibrium condition exists. Consider first the behavior where the inflowing sample contains only one dissolved gas whose concentration is changing with time. Rearrangement of terms in Equation [1] gives the instantaneous relation between the pressure P, corresponding to the instantaneous gas content of the inflowing sample, and the indicated pressure p corresponding to the instantaneous gas pressure in the chamber: dp P^p+T-£
[la]
at Ideally, then, the instantaneous value of the gas content of the inflowing sample may be de- termined without delay even though its value may be fluctuating in an arbitrary manner. In practice, however, there is a limitation: Equation [1] assumes that the gas-space volume is constant. If The installation of the meter is shown schematically in Figure 2 . All nozzles used were "atomizing" nozzles designed to produce a hollow cone spray. Figure 5 shows typical results of the tests of the response characteristics of the meter. The circles represent the measured values of gas pressure in the chamber while the broken line indicates the simulated step change in the input. The solid line was obtained by fitting a curve of the form given by Equation [3] to the observed pressure readings; the response time Tyy was chosen to give the best fit. This procedure determines the value of the mixing efficiency rj since V, Q, and /Syy are known. Table 2 show the pressure approached by the meter and the equilibrium pressure corresponding [5] in which v is the kinematic viscosity of the liquid, y is distance from the wall, and C is the width of the film. (For the experiments being considered, C, the inside circumference of the glass dome, is 15 cm.)
RESULTS OF EXPERIMENTS
Let the coordinate x represent distance measured in the flow direction, i.e., downward, from the top of the film. Then if p{x, y) represents the excess concentration of dissolved gas in the film, the equation describing the steady-state distribution resulting from convection in the a!-direction and diffusion in the y-direction is^'' ,fP_Z^^=0 [6] Here D is the diffusivity of the dissolved gas.
The mixing efficiency r/' which would result if the exposure of the sample were restricted to that which results from diffusion out of such a laminar* film of vertical height x is the fraction of excess (or deficit) of dissolved gas which is removed as the film falls a distance X. If the dissolved gas is assumed to be uniformly distributed at the top of the film, e.g., p(0, y) -P(j, the fraction which has been removed in vertical distance x is then given by Cq =1---fup(.x,y)dy [7] since the total rate at which the dissolved gas enters the top of the film is PqQ, and the rate .11 •Experience has shown that laminar flow obtains if a Reynolds number 4Q/Cv is smaller than 1000. This condition is well satisfied even for the highest flow rates employed in the present experiments. at which dissolved gas is conveyed past the section at x is the width C multiplied by the integral in Equation [7] .
Equation [6] may be integrated by methods too detailed to be included here. With the aid of Equations [4] , [5] , and [7] , the essential result is shown in the form of the graph of Figure .,, . Let the equilibrium pressure corresponding to the undissolved gas in the inflow be denoted by P^and that corresponding to the total gas in the inflow be P, so that (P -P ) is the equilibrium pressure corresponding to the dissolved gas in the inflow.
Also let P, l^e the equilibrium pressure corresponding to the undissolved gas in the outflow.
Then the rate of change of the pressure p in the gas space may be determined as follows:
It may be assumed that the undissolved gas in the inflow is wholly released into the gas space regardless of the mixing efficiency and the existing pressure, whereas the dissolved portion is brought toward equilibrium with the existing pressure p at a rate dependent upon the mixing efficiency.* The rate of change of the pressure p ascribable to the difference between the concentration of the dissolved gas in the inflow and in the outflow is then given by an expression similar to that appearing in Equation [1] , namely,
IL{P -P,-p)
whereas the contribution to the rate at which p changes due to the undissolved gas iŝ (P, -P2) Adding these two contributions giveŝ^Q^( P-P p)^m(p^-p^) [6] at V y
he equilibrium condition dp/dt = requires that r]{P -P. -p) + (Pj -P2) = or P. p = P+(l-l\p gas in the outflow. 
